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Abstract 
Under the climate change and the unfettered expansion of urbanization, problems associated with urban 
waterlogging, water resources, and the aquatic environment are becoming serious. In 2014, the Chinese government 
began to implement a plan to construct sponge cities in an effort to combat these problems. The construction of a 
sponge city is a complex task of systems engineering and requires the support of a high volume of data about the 
city’s natural geography, social economy, water resources, and eco-environment. These data have multiple sources 
and are highly complex. Based on the problem existing of the currently urban data information monitoring, 
collecting and application, this paper puts forward a sponge urban data integration plan according to the integration 
of urban planning data, underground pipe network information, digital elevation information, hydrological station 
network information and based on the low impact development technology, urban waterlogging drainage, urban 
non-point source pollution prevention & control technologies integrated. The plan is designed for use in sponge city 
town planning, design, and construction, and as a theoretical framework for operations that rely on data and 
integrated technologies. This article has carried on the application of the data integration solutions in the Fenghuang 
county of Hunan Province, and the application effect is evaluated. 
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1. Research background 
 In recent years, climate change and pollution in the ecosystem have seriously impacted Chinese cities’ capacities 
for resisting adversity. In addition, the unfettered expansion of urbanization has increasingly exacerbated issues that 
affect urban waterlogging, water resources, and the aquatic environment. Many Chinese cities, including Beijing, 
Shenzhen, Wuhan, Hangzhou, and Nanchang, have frequently experienced problems with urban waterlogging, 
depletion of underground water supplies, and pollution of the aquatic environment, issues which have blighted the 
lives of urban residents. The number and scale of disasters, the economic damage suffered by disaster-stricken cities, 
and the human death and injury tolls all indicate that the situation is escalating steeply [1]. For example, on 
November 11, 2010, torrential rain fell over a large area of Guangzhou city. The daily rainfall averaged 63.95mm, 
and some parts of the city received as much as 229mm, causing 26 areas in the city to become waterlogged. In 2011, 
between June 9 and June 24, the previously drought-stricken city of Wuhan suffered five torrential rainstorms, 
seriously flooding 80 or more stretches of road throughout the city, and nearly paralyzing traffic in the city centre. 
On July 21, 2012, Beijing suffered its heaviest rainstorm in 61 years, resulting in flood damage and 79 deaths, in 
addition to economic losses amounting to more than 10 billion yuan. In July 2013, the town of Yanan in the Shanxi 
province endured five torrential rainstorms in succession, and the average rainfall in the Yanan urban area reached 
397.6mm, five times the normal precipitation for the period and the greatest total for the period since 1961. The 
continuing rainstorms led to disastrous geological damage from landslides and mudslides, resulting in the deaths of 
42 people in Yanan and direct economic losses amounting to more than 12 billion yuan. 
 
In 2014, China began to implement a sponge city construction program in order to address the environmental 
threats to its urban centres. Party general secretary Xi Jinping proposed the construction of a scientifically based 
urbanization arrangement, based on the load-bearing capacity of the environment’s natural resources, that would 
reduce disturbance and damage to the natural world, resolve urban water shortage problems, and build sponge cities 
to enable natural storage, natural permeation, and natural purification. The term ‘sponge city’ describes cities that 
are able to adapt flexibly, like sponges, to changes in the environment, such that they absorb, store, permeate and 
purify rainwater, and are able to make use of the stored water when needed. The construction of a sponge city is a 
complex task of systems engineering, involving multiple aspects of hydrology, meteorology, river systems, land use 
arrangements, pipeline network systems, urban development and ecosystems. Doing so requires the support of a 
high volume of data from urban physical geography, the social economy, water resources, and ecosystems. The 
construction of sponge cities not only requires consideration of such essential factors as natural precipitation, surface 
water, and groundwater, but also of man-made water systems, including water supplies, drainage, flood prevention, 
the prevention and treatment of waterlogging, the exploitation of the water cycle, and almost every building project 
in a given urban area. The complexity of the city has brought with it a diversity in city planning and construction 
data, and the construction of a sponge city involves numerous administrative departments who are responsible for 
the supply and disposal of water, planning, parks and gardens, transportation, construction, city management and 
meteorology. Due to the variety of methods required to gather these data, there are differences in the statistical 
requirements, format structures, and scope and degrees of precision for the reported data. However, with further 
social developments, the expanded use of computers and information technology, improvements in urban planning 
strategies and methods, and the fusion of data and integrated technology with theory in the application domain, data 
integration methods have advanced rapidly, and current data integration methods and technology are already widely 
applied to the social domains of resource management, urban planning and geo-analysis. It is clear that the sharing 
and integration of multiple source data has already become an inevitable trend in urban planning for sponge cities. 
Thus, research into data integration methods for the construction of sponge cities allows limited data information to 
be used more efficiently, and makes the construction of sponge cities more reliable, operable, and effective. 
2. Attributes of sponge city construction data 
Sponge city planning data is primarily made up of spatial and attribute data. Spatial data comprises data on 
baseline spatial information, distinctive natural features, infrastructure spatial positioning (roads, pipe networks, 
etc.), boundaries, controls, rivers and drainage systems, current land use and planning, urban planning, and urban 
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construction administration. Attribute data comprises all types of data corresponding to spatial data, socio-economic 
data, resource environment data, historical development data, systems monitoring and management data, planning 
targets data and data-standards data. In addition to the above categories, planning data for sponge cities can be 
further subdivided as follows: Basic topography data, hydrological and meteorological data, composite data on 
underground pipeline networks, statistical data on population, remote sensing image data, and data on planning 
outcomes [2]. Planning data also includes data from various social departments and domains of the economy, 
including environmental protection, ecology, tourism, and education. Planning data for sponge cities originates from 
a variety of sources, expressed primarily in: (1) Multi-temporal/spatial and multi-scalar formats. Sponge city 
construction planning data have strong temporal and spatial attributes, and there are data systems that consist of 
identical times and different spaces, as well as ones that consist of identical spaces and different times. (2) A 
diversity of acquisition methods. There are many methods for acquiring data on sponge city construction, and data 
which have been extracted and processed through different means have relatively little in common. (3) Multiple 
sources for storage formats. Because data information expresses the positioning and geometry of spatial entities, and 
at the same time also records the corresponding attributes of the spatial entities, the document storage format applied 
is frequently different as well, and therefore the storage format is also multi-source [3]. 
 
In view of the distinctive features of the sponge city construction data information, as well as the many problems 
regarding the monitoring, gathering and application of sponge city construction data, there are quite a few remaining 
issues with the current data system’s ability to support sponge city construction. Since sponge city construction has 
yet to establish its own data monitoring systems, data information comes primarily from the existing data 
monitoring networks of the water conservancy, environmental protection, and municipal administration departments. 
However, the various existing departmental data monitoring networks are less than perfect, and there are 
shortcomings in the data monitoring sampling points, unreliable data, insufficient precision, excessively short 
monitoring of time series, and mutual incompatibility between databases. There are also issues with data gathering. 
Sponge city construction data depends primarily on data gathering during the research phase, and while studies have 
practiced traditional on-site surveys, interviews with related departments, written records, and data acquisition 
methods, there has also been an increase in related digitalization, format changes, co-ordinate calibration, and data 
capture from the web. Additionally, data attributes are frequently lost during the gathering process. During 
application of the data, the platform built for sharing the sponge city construction information still has shortcomings, 
and the integrated application of both model support and technology methods awaits further development.  
3. Data integration framework for sponge city construction 
3.1. Information data integration 
Because information and data related to sponge city construction come from different sources, there are 
significant discrepancies between their spatial coordinate frames and their various parameters. To be rendered 
compatible, the data must undergo a series of conversions and operations. Currently, there are three main methods 
that are employed to achieve the integration of multi-source data: the data format conversion method, the data 
interoperability method, and the data-direct access method. Each of these three methods has its advantages, but, for 
reasons that include integrated objective requirements, project cost, and the availability of resources, no single 
method is used to achieve multi-source data integration. Instead, the methods are combined to achieve the integrated 
storage and management of multiple-source data.  
Below are methods and strategies for effectively integrating multi-source data. 
x Implementing the conversion of data formats and integrating spatial data coordinates: All forms of spatial data 
involved in sponge cities, such as information about urban underground pipeline networks and hydrology station 
networks, must be converted into an integrated system. Since part of the urban planning outcome data is collected 
employing CAD formats, and because the data primarily exists as graphical representation, it is difficult to 
conduct the necessary spatial analysis. The construction of the sponge city requires the implementation of a 
782   Weiwei Shao et al. /  Procedia Engineering  154 ( 2016 )  779 – 786 
seamless conversion of CAD data with GIS data, and through the establishment of a unified data standard, the 
CAD cartographical and design processes are incorporated into a unified management system of graphics and 
attributes in GIS [4].  
x Improving the integration of spatial data and attribute data: The integration of spatial data and attribute data 
depends mainly on the structure and operating methods of the database, and it is therefore necessary to establish a 
spatial data table that will function as a link between corresponding spatial data and storage space information, 
and to then set up a corresponding index for each spatial object [5]. 
x Improving the amalgamation and integration of digital elevation information and remote sensing image data: It is 
important to conduct amalgamation and integration of the two through the key techniques of image matching and 
image conversion, which will enable a computer to display the city’s landform and land use situation to be 
displayed in 3D. Doing so will provide clearer information on the geography of the city to those involved in the 
planning, design and administration of each sponge city. 
x Improving the temporal characteristics integration of base data and planning outcomes data: The base data 
involve descriptions of temporal changes of essential topographical factors, and planning outcomes data reflects 
the evolution of the scale of construction over a certain number of years. The temporal characteristics integration 
of base data and the planning outcomes data can more effectively reflect the multiple forms of information 
expressed for an identical unit of space over a time series [6]. 
3.2. Integration of multiple technologies 
The construction of the sponge city also needs to integrate technologies and set up a complete set of technologies 
for sponge city construction, including seepage, standing water, storage, purification, usage and drainage, 
implementation of rainwater resource utilization, flood disaster prevention and mitigation, the prevention and 
control of surface source pollution, and improvement of the ecological environment. These are multiple integrated 
technologies, primarily consisting of technologies for the protection of the original urban ecosystem, those for 
recovering and restoring urban ecology, ones for urban drainage and flood protection, for prevention of urban 
surface source pollution, low impact development (LID) technologies, and rainwater usage technologies. 
These technologies can serve the following purposes: 
x Technologies for protection of the original urban ecosystem will maximize the protection of the original 
woodland, grassland, lakes, and wetlands, and maintain the natural hydrological features of the city as they were 
prior to development. 
x Technologies for recovering and restoring urban ecology, through the natural environment of the green space 
systems already obtained during the city’s development and construction maximize the use of ecological methods 
to bring about recovery and restoration, maintain a fixed proportion of ecological space, and promote an 
increased diversity of urban ecology. 
x Technologies for urban drainage and flood protection, based on compliance with natural principles of urban 
drainage and flood protection, implement integrated storage and drainage [7,8]. They make use of urban wetlands, 
parks, sunken green spaces, and sunken public squares to arrange temporary rainwater storage spaces. They also 
encourage rational arrangements for channels to disperse floodwaters, fully utilizing creeks and rivers to act as 
sluice ways, and natural harbours and lakes to function as floodwater storage, working in tandem with the city’s 
drainage pipelines, canal systems, and sluice gates. 
x Technologies for preventing urban surface source pollution through control at source, process blocking, extremity 
control, general prevention and control, increased restriction on the enhancement of urban surface greening 
permeation, and the dispersal of pollution sources. Integration also involves improving the construction of 
sewage collection systems and the development of artificial wetlands, and increasing the development and 
circulation of landscape water and control stormwater runoff pollution sinks. 
x LID technology will employ effective hydrological planning, adoption of infiltration, filtration, evaporation and 
runoff catchment methods as these methods are applied to reduce runoff displacement, allowing the hydrological 
capabilities of urban areas to improve prior to technological development [9,10]. 
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x With rainwater usage technology, rainwater collected from green roofs, ground permeation, and purified 
rainwater storage can be used for various domestic purposes and can also be made available for consumer and 
emergency use. 
By building a model for a sponge city and carrying out reconstruction and harmonization to form an integrated 
entity that functions as a unified whole[11], these six major technologies become an integrated framework for an 
interlinked, unified and coordinated sponge city construction system (Fig. 1). 
 
Integrating data and technologies will catalyse the sponge city’s planning, design, construction, operational 
management and the evaluation of its functionality. The sponge city can also build connections with the smart cities 
that are now being developed in our country, bringing smart thinking to the sponge city. In the construction of a 
smart sponge city, it is possible to combine cloud computing and big data information technology strategies to 
implement smart drainage and rainfall collection, to provide real-time response to pipeline network blockages, and 
to maintain real-time monitoring of urban surface water pollution. This integration can also support efforts to 
combat ponding in sub-sections through storm warnings and smart response water systems, and to implement real-
time monitoring of and rapid response to surface run-off quantities. By means of smart water pollution control and 
treatment through integrated concentration and dispersal, it is possible to achieve a cyclical utilization of rainwater 
and recycled water. 
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Fig. 1. Integrated framework for sponge city construction system. 
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4. A case study of an empirical application 
A study of the empirical application of sponge city construction was conducted in Fenghuang County, in Hunan 
province of China, applying a data integration program, and evaluating the outcome of this application. The region 
has an area of 30.89km2, including 12.39km2 of woodland. Using the GIS technology platform, the research area 
was divided into 417 sub-catchments, 453 nodes, 453 channels and streets, and one river course outfall. The 
combined Fenghuang county sponge city construction program complied with the principles of the sponge city land 
impact development system. A sponge city model was constructed using integrated data from a variety of sources 
and integrating multiple LID, ecological restoration, and surface pollution prevention technologies. A deployment 
plan for a sponge city was proposed as shown below. 
x Landscaped gardens and green areas: Create open low impact development facilities, such as concave green areas, 
bio-retention facilities, and water-permeable public squares and parking lots, to enhance the standing water and 
seepage capabilities of landscaped gardens and green areas. Within the research zone, build 1.275km2 sunken 
green area, 0.017km2 bioretention facility, 0.167km2 rainwater wetland and 0.625km2 pond wetland. 
x Transforming road traffic systems: Set up LID facilities in green areas, carry out rainwater permeation, storage 
and regulation, and enhance the role of roads in relation to rainwater seepage, standing water, purification, and 
drainage. Build a permeable paved road surface on urban trunk roads, increasing the permeable road surface area 
by 44hm2 for urban arterial roads, and increase permeable road surface area by approximately 90hm2. For some 
sidewalks, construct approximately 3hm2 of permeable pavement; also build a total of 21hm2 of sunken green 
areas. 
x Residential neighbourhoods: Rainwater runoff from the roofs of buildings and neighbourhood pavement should 
undergo organized flow concentration and transfer; sewage will be intercepted, and following pre-treatment, 
channelled into LID facilities within green areas; further, build an additional 49m2 of green roofing, 63m2 of 
sunken green areas, and increase permeable pavement by 106m2. 
x Public service administration and commercial areas: Construct 38m2 of green roofing, and 41hm2 of sunken 
green land, including building and setting up 1932m2 of new rainwater wetland in public service administration 
areas where green land is concentrated; build 55hm2 of new permeable pavement in neighbourhood roads and 
parking lots, and build 1.1hm2 of new water reservoirs. 
The LID usage rate of each sub-catchment included in this plan is shown in Fig. 2. 
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Fig. 2. Per unit area LID usage rate distribution in the research zone. 
On the basis of the construction of landscaped gardens and green areas, residential neighbourhoods, public 
service and commercial areas in the sponge city, the effectiveness of the Fenghuang County sponge city 
construction measures was analysed under different recurrence intervals of rainfall. When a once-in-20-years level 
rainfall is met, the research area’s total amount of runoff and original peak value should be 1.825 million m2 and 
597.77m3/s. Following the construction of the sponge city, the total runoff and flood peak value should be reduced 
to 1.252 million m3 and 278.5m3/s (Fig. 3), a reduction of 31% and 53% respectively, which is approximately the 
target for the construction of the sponge city in this area. While controlling the rainwater runoff, the system also 
brings about a controlled reduction of the city’s surface water pollution. Looking forward, Fenghuang county needs 
to increase the building of urban drainage systems and provision of woodlands to better control rainfall runoff and 
prevent external flooding and internal waterlogging. 
 
 
Fig. 3. Line graph of 20-year return period runoff. 
Subcatch
LID Usage
0.00
25.00
50.00
75.00
%
0 
20 
40 
60 
80 
100 
120 
140 
160 
180 0 
100 
200 
300 
400 
500 
600 
700 
0:05:00 1:45:00 3:25:00 5:05:00 6:45:00 8:25:00 
R
ai
nf
al
l m
m
/h
 
F
lo
w
 m
3 /
s 
Time 
Rainfall 
Plan runoff   
Sponge runoff 
786   Weiwei Shao et al. /  Procedia Engineering  154 ( 2016 )  779 – 786 
5. Conclusion 
In light of current problems with urban data and the demand for construction of sponge cities, this article 
proposes a plan for an improved integration of sponge city data, establishing a framework for sponge city 
construction that is based in data integration (relating to information on urban planning data, underground pipe 
networks, digital elevation data, and hydrological station networks) and supported by integrated technologies 
(including low-impact development, urban drainage, waterlogging defence, ecosystem protection, prevention of 
urban surface source pollution and rainwater usage). The article has empirically applied the plan in Hunan 
province’s Fenghuang County, and has provided theoretical and technical support for the planning, construction and 
management of sponge cities in China. 
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